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3 9 2 5 6,1 05 United States Patent Office Patented June 14, 1966 3,256,105 
CERAMIC MOLDING COMPOSITION, ARTICLES MADE FROM SAME AND 
PROCESS FOR MAK. ING SUCH ARTICLES Harvey E. Alford, Amherst, and 
Franklin Veatch, Cleveland, Ohio, assignors to He Standard Oil Company, 
Cleveland, Ohio, a corporation of Ohio No Drawing. Filed Sept. 26, 1963, Ser. 
No. 311,66 17 Claims. (CI. 106-40) 10 This invention relates to ceramic molding 
compositions, to a method of making kiln-fired ceramic articles.there- from, and 
to the kiln-fired ceramic articles so made. The ceramic molding compositions of 
this invention CO)mr)rise a mgiqr grogortion (by weight and volume) of 15 
icro,.;nfi@rFRIqnfi min I ai4i d@e compris compositions of this inven- tion 
comprise from about 6 to about 14 parts by weight 20 of hollow glass 
microspheres, and a binder - comprising fro-m--alZnt~rlo~aTUu7 - =parts -by 
weizb -sglidyul- -Lid_ verized sodium silicate; from about 0.5 to about 6 parts c 
acid; and from about 2 5 ni ently expressed in volumetric terms and on this basis 
the preferred range is from about 2 volumes of microspheres per volume of bi 
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nder to about 7 volumes of microspheres per volume of 3 0 bi nder. E specially 
preferred ceramic molding compositions will c ontain from about 2 to about 6 
volumes of microspheres p er volume of a binder comprising 2 parts by weight 
pul- v erized sodium silicate, I part by weight pulverized, fused 3 5b oric acid and 
I part by weight kaolin. I n addition to the above ingredients, the binder portion of 
the molding compositions may advantageously contain ft om 0 to about 2 parts 
by weight of a sodium silicate s olution and/or from 0 to about 2 parts by weight 
of a 4 0 s urface-active agent. The advantages of these additional d- c iscussed 
more fully hereinafter, nay be used in the ng compositions ot tne present 
invention disclosed in application Serial No. 144,838, 45 13, 1961, aiid in U. S. 
Patents 2,978,339; 3,030,215. The microspheres so disclosed cterized as hollo* 
discrete spheres of fused glass having diameters in the range of 5 to 5000 
microns and preferably 10 to 500 microns; and wall thickness of 50 from 0.5 to 
10% and preferably 0.75 to 1 .5% of their diameters. The gas density of a mass of 
such spheres will range from 0.1 to 0.75 and preferably from 0.25 to 0.45. f @ll- 
T'he particles may be composed - ali-metal silicate-based glass such as a iiio 5 5 
sili@ate or-ziic-@:ji:cate ased glasses are particularly suitable. The glass 
microspheres per se form no part of the present invention and for this reason so 
much of the aforementioned patent application and three patents as relates 60 to 
glass microspheres and to their method of manufacture is incorporated by 
reference in the present disclosure to permit a complete understanding of the 
nature of hollow microspheres suitable for use 'in practicing the present 
invention. 65 The ceramic molding compositions of the present invention may be 

used to advantage in making virtually any -6 service 2 ceramic article which 

will benefit from a unique combination of properties, inFIAding light-weight, 
thermal resistall@nd-high-4twngth to wei-ghT-r-aTi'o-.-lfundTuds--oT spe-cific 
applications in the electronic, aerospace and packaging industries will 
immediately suggest themselves to those skilled in the art. One especially 
suitable application lies in the food industry which has long sought a 
multifunctional, disposable (and therefore inexpensive), ceramic4ike article in 
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which food can be packed, stored, cooked and served. It is envisioned that such 
ceramic-like articles would be provided with either raw, semi-cooked or fuliy 
cooked food, then stored under preserving conditions, e.g., freezing, irradiation, 
vacuum, etc., and prepared for serving, as by heating and/or cooking, depending 
on w ether the food as packed was raw, semi or fully cooked. Ultimately the food 
would be served for consumption in these very same ceramic-like articles. This 
system lends itself to high volume food service with a minimum of reparation, 
labor and waste, which p makes it very attractive for institutional use, as in 
hospitals, schools, the armed services, prisons and the like. The housewife will 
also appreciate the convenience of being able to buy individual meals, or family- 
size servings of entrees, vegetables, desserts, etc., all in ceramic ware, 
handsome enough to serve in and inexpensive enough to throw away after use. 
The ceramic like articies may be formed in any desired shape, including plates, 
dishes, bowls, cups, mugs, casserole dishes, partitioned serving trays, and the 
like. The method of making the kiln-fired ceramic articles of this invention 
involves broadly the steps adding sufficient liquid (usually water) to the dry 
ceramic molding composition to provide a workable moldi ng consistenc y^ 
molding an article from the resulting mix, drying the molded article to remove 
physically trapped liquid and finally kiln-firing the dried article to remove residual 
liquid and fuse the binder to -the hollow glass microspheres. The amount of liquid 
required to provide a workable molding consistency will in large m@asure 
depend on the molding technique to be used. For instance, hand throwing will 
generally require about 0.25-1 volume of liquid per volume of dry molding 
composition; wet pressure molding, about 0.1-0.5 volume of liquid per volume of 
dry molding; and dry pressure molding, on the order of 0.5-5 vol. percent liquid. 
In general, no advantage will be realized by using more than 2 volumes of liquid 
per volume of dry molding composition, and in any event, since whatever liquid is 
added for molding purposes must be removed during the drying and firing steps, 
it is economically desirable to add the least amount of liquid which will provide a 
workable molding consistency for the particular molding technique employed. 
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Where the molding composition is to contain additional, liquid ingredients, such 
as a sodium silicate solu - t;vp nap tion and a surfac entiio;n)ea above, these e _ 
liquid ing rst be m, a with enough make- wt admixed e, up liquid, usually water, to 
provide the desired gross liquid concentration required, and then the dry 
ingredients will be added to provide a composition of workable molding 
consistency. Molding may be accomplished in any conventional technique such 
as hand throwing, wet pressure molding or dry pressure molding, centrifugal 
molding, stamping, etc. Wet pressure molding using a'pair of mated dies has 
been found to be a very satisfactory procedure, especially for a high speed semi- 
automL:'...- or automatic oper- 

3,256,105 3 ation. According to this technique a pre-measured quan- tity of m o- 
p-,z,'f;on in paste or slurry form is fed to a female die balf. This is then covered 
with the male die half with the exertion of from 100-1000 p.s.i. and preferably * 
from 200-500 p.s.i. The article may then 5 be released from the dies and free 
dried or transferred to heated drying dies. Alternatively, the molding dies may 
also serve as heated drying dies. The drying step, if in dies, may be augmented 
by the use of vacuum or pressure to speed up the drying process. As another 10 
alternative, the articles may be par-tially dried while dis- posed within dies, and 
the residual moisture removed un- derfree drying conditions. The drying and 
kiln-firing steps may be conducted as a single, continuous operation or as two 
separate steps. 15 Since the function of the drying step is to remove physi- cally 
trapped liquid, this operation will be conducted at temperatures ranging from 
room temperature to some- what above the boiiing temperature of the liquid. 
Where the liquid -is water, the upper limit will be on the order 20 of 220-250' P. T- 
he primary function of the kiln-firing step is to fuse the binder to the glass 
microspheres, and to this end, the operation will be conducted at gradually 
increasing temperatures ranging upwardly to about 1 100-12000 F. 25 Since most 
heating equipment does -n-ol-opm-atu-at peak efficiency over the broad 
temperature range re- quired for drying and kiln-firing the molded articles, it is 
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preferable to perform these operations in separate steps, using the most suitable 
equipment available. Drying 30 may be accomplished in virtually any low 
temperature oven, including direct-fired gas, infrared, microwave, in- duc,tion, 
etc. The firing step requires a standard ceramic- firing kiln, muffle furnace or the 
like. . The length of duration of the drying step will vary 35 over wide limits 
depending on the amount of liquid pres- ent and the heating means used. In one 
comparative experiment, all things being equal except the heating means, a 
molded article was dried very satisfactorily in an infrared oven in four and one- 
half minutes while 40 equally satisfactory drying in a convection oven took three- 
quarters of an bour. The prime consideration in selecting an appropriate drying 
schedule is that exces- sively rapid drying can vaporize the liquid faster than . the 
vapors can escape froin the molded article, resulting 45 in explosive 
fragmentation. As the molding composi- tion, liquid content and/or heating means 
is varied, bpti- experiments will have to be run to establish m'zat'on a. suitable 
heating schedule. The kiln-firing step can similarly vary in duration over 50 wide 
limits, depending on the thickness of the molded article and its ability to withstand 
thermal stresses with- out cracking, as weR as the rate at which the kiln tem- 
perature can be raised @to the fusion point of the binder. 6.5 In general, 
however, satisfactory firing can be accom- plishea by gradually ilevating the 
temperature to about 1 100-1200' F. over a period of about 30-90 minutes and 
preferably about 45-60 n-tinutes, then maintaining the temperature at about 
1 100-1200' F. fcfr About 1-120 minutes and preferably 30-90 minutes. 60 It was 
noted above that the basic binder portion of the ceramic molding composition, 
comprising solid sodium silicate, boric acid and clay, may be modified to addi- 
tionally contain frdm 0 to about 2 parts by weight of a sgdium silicate solution 
and/or from 0 to about 2 parts 65 by weight DLa-ulif=@nactive agent. The Equid 
sodium silicate when pr@sent im-pr-o-v-e-@ 'Me mold release prol3.- erties of 
the molding composition and imparts a smoother surface @to the molded article. 
The surface-active agent also improves the mold release properties and . iii addi- 
70 tion iihproves the flow properties of the molding com- position, and permits the 
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us@ of lower molding pressures, i.e., 100-200 p.s.i. less than for compositions 
where the surface-active agent is absent. Typical surface-active agents found, 
suitable'lor these 75 4 -@lcohol sulfate rainesquaternapl-aminonium ans and 
volvethylene-gr5i> cribe the best mode contemplated for carrying out the 
present invention. EXAMPLE I A binder was prepared by admixing in equal parts 
by weight, solid, pulverized sodium silicate, fused boric acid and kaolin. Portions 
of this binder were then admixed with hollow glass microspheres (produced in 
accordance with the teachings of U.S. Patent 2,978,340) to provide ceramic 
mold@ing compositions having microsphere to binder ratios (on a volume basis) 
of 3:1, 4:1, 5: 1 and 6: 1, respectively. To each of these ceramic molding 
compositions was added enough water to provide a workable molding 
consistency for wet pressure molding. In each case this amounted to about 0.1 
volume of water per volume of molding composition. Utilizing a mated pair of 
steel dies, designed to form a shallow, circular dish 33/s inches in diameter, 1 %6 
inches deep, and 'Is inches thick, a portion of each of the moistened molding 
compositions was placed in the mold cavity and placed under a pressure of 200 
p.s.i. The resulting "green" articles were removed from the mold and free dried in 
an oven for 45 minutes at temperatures gradually increasing from room 
temperature (75' F.) to a maximum of 220' F. The dried articles were then placed 
in a muffle furnace wbich was heated gradually to a temperature of 1 100' F. over 
a period of 50 minutes and maintained at 1 100' F. for a period of 90 minutes. 
Each of the compositions produced a very satisfactory kiln-fired ceramic dish. 
The density of each dish was 0.53 gm./cc. and as a group they had Shore D 
hardness values ranging from 45.52 and flexural strengths ranging from 486-530 
p.s.i. EXAMPLE ]EI The procedure of Example I was repeated except that the 
binder used here containe-d two parts by weight of sodium silieate to one part by 
weight of each of boric acid and kaolin. The densities and hardness of the kiln- 
fired ceramic dishes prepared from these compositions were comparable to the 
values reported in Example I; however, the flexural strengths were somewhat 
higher, ranging from 684-750 p.s.i. EXAMPLE IH The procedure of Exam le I was 
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repeated except that 1 1 P the binder used here contained one part by weight 
sodium silicate, six parts by weight boric acid and one part by weight kaolin. The 
flexural strengths of the kiln-fired ceramic dishes prepared from these 
compositions were comparable to those reported in Example I; however, the 
densities were somewhat higher, ranging from 0.55-0.62 gm./ce. and the Shore 
D hardness values were somewhat higher, rang- mg from 55-60. EXAMPLE IV A 
binder was prepared by admixing two parts by weight of solid, pulverized sodium 
silicate, and one part by weight of each of boric acid and kaolin. To this binder 
was added hollow glass microspheres (produced in accordance with the 
teachings of U.S. Patent 2,978,340) in an amount to provide a microsphere to 
binder ratio (on a volume basis) of 6: 1. Separately admixed were two parts by 
weight of a 49% aqueous sodium silicate solution, eight-tenths part by weight of 
sodium lauryl sulfate as a surface-active a ent and sufficient make-up water to 
provide 0.1 volume of liquid per volume of solids in the molding composi- 

5 tion. These last three ingredients were admixed with the microsphere-binder 
mixture to provide a ceramic molding composition of workable consistency for 
wet pressure molding. A portion of the ceramic molding composition was placed 
in the mated pair of steel dies described in Example 1. The composition flowed 
sufficiently well so that a molding pressure of 100 p.s.i. was found to be 
adequate. This is about half the minimum pressure required for compositions not 
containing a surface-active agent. The resulting "green" article parted cleanly and 
easily from the mold with the exertion of considerably less force than was 
required to remove molded articles formed from compositions not containing the 
liquid sodium silicate and surface-active agent. The article was dried and fired in 
accordance with the schedules described in Example 1 , and the fired product 
was found to have a somewhat smoother surface when compared to the articles 
produced in accordance with Example I. The density, Shore D hardness and 
flexural strength values were all comparable to those for the 6:1 microsphere- 
binder article produced in accordance with Example 1 . Thus the processing 
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advantages contributed by the liquid sodium silicate and surface- active agent 
were not offset by a compromise in other properties of the fmished article. 
Various modifications of the invention disclosed herein will occur to those skilled 
in the art. For instance, it may be desirable to provide the kiln-fired ceramic 
articles with a ceramic glaze on one or both surfaces. Such a glaze may be 
applied and fused in conjunction with the kiln-firing step, or as a separate- post- 
firing step. In addition, the composiiions may also be modified to include 
pigments or other colorants, opacifi.ers and the like to enhance the appearance 
of the cera'mic articles. It is our intention to cover'all such modifications as can 
reasonably be interpreted as falling within the scope of the following claims: We 
claim: 1. A ceramic molding composition consisting essentially of (1) hollow 
microspheres of fused glass having diameters within the range of from 5 to 5000 
microns, wall thicknesses within the range of from 0.5 to 10% of their diarfteters, 
and gas densities within the range of from 0.1 to 0.75 and (2) a binder comprising 
from about I to about 2.5 parts by weight of solid sodium silicate, from about 0.5 
to about 6 parts by weight of boric acid, from about 0.5 to about 1 .5 parts by 
weight of clay, from 0 to about 2 parts by weight of a sodium silicate solution and 
from 0 to about 2 parts by weight of a sur' face-active agent, said microspheres 
being present in an amount within the range of from 2 to 7 volumes per volume of 
binder. 2. The composition of claim 1 in which said clay is kaolin. 3. A ceramic 
molding composition consisting essentially of (1) hollow microspheres of fused 
glass having diameters within the range of from 5 to 5000 microns, wall 
thicknesses within the range of from 0.5 to 10% of their diameters, and gas 
densities within the range of from 0.1 to 0.75 and (2) a binder comprising 2 parts 
by weight of solid sodium silicate, I part by weight boric a cid and 1 part by weight 
clay, said microspheres being present in an amount within the range of from 2 to 
6 volumes per volume of binder. 4. The composition of claim 3 in which the clay 
ingredient is kaolin. S. The composition of claim 4 in which the binder additionally 
contains 2 parts by iweight of an aqueous sodium rilicate solution and 0.8 part by 
weight of a sodium alcohol sulfate surface-active agent. 6. A molded article 
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formed from a composition consisting essentially of .(I) hollow microspheres of 
fused glass having diameters within the range of from 5 to 3,256,105 6 5000 
microns, wall thicknesses withinthe range of from 0.5 to 10% of their diameters, 
and gas densities within the range of -from 0,1 to 0.75 and (2) a binder compris- 
ing from about I to about 2.5 parts by weight of solid sodium silicate, from about 
0.5 to about 6 parts by weight of boric acid, from about 0.5 to a-bout 1 .5 parts by 
weight of clay, from 0 to about 2 parts by weight of a sodium silicate sol@ution 
and from 0 to -about 2 parts by weight of a stirface-active agent, said 
microspheres ibeing present 10 in an amount within the range of from 2 to 7 
volumes per volume of @binder. 7. The molded article of claim 6 in which -the 
clay in said binder is kaoiin. 8. A molded article formed from a composition con- 
15 sisting essentially of (1) hollcxw microspheres of fused glass having diameters 
within the range of from 5 to 5000 microns, wall th icknesseswithin the range of 
from 0.5 to 10% of their diameters, and gas densities within the range of from 0.1 
to 0.75 and ( 2) a binder com- 20 prising 2 parts by weight of solid sodium 
silicate, tl part by weight boric acid and I part by weight clay, said microspheres - 
being present in an amount within the range of from 2 -to 6 volumes per volume 
of binder. 9. The molded article of claim 8 in which the clay 25 in said binder is 
kaolin. 10. The molded article of claim 9 in which said binder additionally contains 
2 parts by weight of an aqueous sodium silicate solution and 0.8 part by weight of 
a sodium alcohol sulfate surface-active agent. 30 1 1. A fired ceramic article 
consisting essentially of (1) hollow microsphere of fused glass having diameters 
within the range of from 5 to 5000 microns, wall thicknesses within the range of 
from 0.5 to 10% of their diameters and gas densities within the range of from 0.1 
to O.J5 35 and (2) a binder for said microspheres consisting essentially of the 
fusion product of a mixture of from about I to a:bout 2.5 parts -by weight of solid 
sodium silicate, from about 0.5 to about 6 parts by weight of boric acid, from 
about 0.5 to about 1 .5 parts by weight of clay, from 40 0 to about 2 parts by 
weight of a sodium silicate solu- tion, and from 0 to about 2 parts by weight of a 
surface-active agent, said microspheres being present in an amount within the 
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range of from 2 to 7 volumes per volume of binder. 45 12. The ceramic article of 
claim 1 1 in which said clay is kaolin. 13. A fired ceramic article comprising (1) 
hollow microspheres of fused glass having diameters within the range of from 5 
to 5000 microns, wall thicknesses with- 50 in the range of from 0.5 to 10% of 
their diameters, and gas densities within the range of from 0.1 to 0.75 and (2) a 
binder for said microspheres consisting essentially of the fusion product of a 
mixture of 2 parts -by weight of solid sodium silicate, I par-t by weight of bone 
acid and 55 1 part by weight of clay. @14. The ceramic article of claim 13 in 
which the clay in said binder is kaolin. 15. The ceramic article of claim 14 in 
which said binder additionally contains 2 parts by weight of an 60 aqueous 
sodium siiicate solution and 0.8 part by weight of a sodium alcohol sulfate 
surface-active agent. 16. A method of making a ceramic article which comprises 
the stleps of admix-ing from 2 to 7 volumes of hollow microspheres of fused 
glass having diameters with- 65 in the range of from 5 to 5000 microns, wall 
thicknesses within the range of from 0.5 to 10% of their diameters, and gas 
densities within the range of from 0.1 to 0.75, with I volume of a dry binder 
consisting essentially of from about 1 to about 2.5 parts by -weight of sodium 70 
silicate, from about 0.5 to about 6 parts by we-ight of boric acid and from about 
0.5 to about 1 .5 parts by @weight of clay, separately admixing up to 2 parts by 
weight of an aqueous solution of sodium silicate, up to 2 parts by weight of a 
surface-active agent and suf- 75 ficient make-up liquid to provido. a workable 
molding 

3,256,105 7 8 composition, adding this separate admixture to the micro- 
References Cited by the Examiner sphere-dry binder mixture to provide a 
ceramic molding UNITED STATF-S PATENTS composition, molding an article 
therefrom, drying said article to remove the liquid therefrom and heating the 

2,553,759 51 1951 Geiger 106-40 dried article at an elevated 

temperature sufficiently high 5 2,797,201 5/1957 Veatch et al 106-40 to 

fuse said binder. 17. The method of claim 16 in which said make- up TOBIAS E. 
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L-EVOW, Priinary Examiner, liquid is water and said drying is conducted at 
tempera- J. POER, Assistant Examiner, tures up to 220-250' F. and said fusion 
conducted at temperatures up to 1 100-1200* F. 10 
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